Is the degree of dollarization important to determine the pass-through between nominal exchange rate depreciation and inflation? The common view in the literature is that countries with higher dollarization present higher pass-through coefficients. In our study we qualify this common view. Using a sample of fifteen emerging-market countries with different degrees of dollarization, we find that the pass-through in highly dollarized economies is indeed higher, but it also tends to be more asymmetric than in economies with a lower degree of dollarization: We define asymmetric pass-through as the presence of a negative pass-through coefficient during economic downturns. The reason for this asymmetry is the negative balance-sheet effect that can dominate the positive competition effect generated by real exchange rate depreciations..
Introduction
In recent years there has been an impressive development of the literature on the macroeconomic implications of real exchange rate depreciations. In the aftermath of the Asian and Latin American crises of the 1990s, researchers began to challenge the common consensus in the profession that a real depreciation has a positive impact on aggregate demand and is therefore expansionary, which is the traditional implication of all models in the spirit of Mundell-Fleming.
The countries affected by the said crises experienced large depreciations that were at the same time accompanied by severe disruptions in the real sector of their economies. Behind all these contractionary stories, there was always a high level of indebtedness in foreign currency given the impossibility of these countries to issue debt in their own currencies. This phenomenon is known in the literature as the "original sin" (see Eichengreen and Hausmann, 2004) . As a result, the standard Mundell-Fleming model was extended along the lines of Krugman (1999) which incorporates, on top of the usual competitiveness effect of real depreciations, the negative impact on firms' net worth of the drastic reduction of the exchange rate. This additional effect of the real exchange rate depreciation, known as the balance-sheet effect, produces a collapse of domestic investment that attenuates and may even compensate the competitiveness effect on output. Most of these analyses have stressed the negative impact on firms' net worth induced by a real depreciation, and the subsequent contractionary impact on output. However, there has been no attempt to analyze the consequences of this balance-sheet effect in any macroeconomic variables other than output. In particular, the pass-through literature has generally overlooked this balance-sheet effect and it remains the standard view that the pass-through is higher in dollarized economies than in non-dollarized ones (see Ball, 2001 ; Reinhart et al., 2003) . The main conclusions in these papers are based on empirical evidence from the 1990s which was a period of disinflation. During that period, countries with a high degree of dollarization achieved faster convergence. However, a closer look at the data shows that during the business cycle the pass-through was not symmetric in those countries: economic downturns seem to have been associated with lower or even negative passthrough coefficients, this effect being more noticeable the higher the degree of dollarization of the different economies.
The objective of our paper is to analyze the pass-trough between nominal depreciation and inflation during the business cycle taking into account the balance-sheet effect. In order to do that we extend a simple Mundell-Fleming model to incorporate the response of investment to real depreciations. The final impact of real exchange rate depreciation on aggregate demand will depend on the importance of the balance-sheet effect over the competition effect. The dominance of one of these effects will be determinant to explain the behavior of inflation: our model implies that inflation may respond negatively to nominal depreciations, this effect being more intense the higher the level of dollarization of the economy and during the recessionary part of the cycle. Furthermore, large depreciations may be associated with even more negative pass-through effects, since the reduction in firms' net worth may be so acute that investment by firms could actually collapse.
In order to test these implications, we collect data on exchange rates, prices and economic activity for a set of countries with varying degrees of dollarization. The extent of the pass-through of nominal depreciations is then analyzed in the context of the business cycle -proxied by a recession indicator -and compared across countries. Moreover, a distinction is made between small and large nominal depreciations by allowing for a threshold behavior in inflation rates, that are postulated to react nonlinearly depending on the size of the depreciation.
The results suggest that the extent of the pass-through is significantly diminished during economic downturns, becoming even negative for some countries. Also, there is some evidence that the degree of dollarization is related to the significance of this asymmetry: more highly dollarized countries experience a more negative impact of nominal depreciations in inflation during recessions. The size of the nominal depreciation is also a determinant of a more negative pass-through coefficient, although the evidence here is slightly less robust.
The paper is organized as follows. In Section 2 we describe some stylized facts of the two types of countries used in our study. Section 3 describes the theoretical model that analyzes the asymmetric response of inflation to nominal exchange rate movements. Section 4 is devoted to the empirical analysis. Some concluding comments are provided in section 5.
2 The Pass-Through: a tale of two cities?
Since the early 1990s we have witnessed a process of drastic reduction in inflation rates for almost every country in the World. This process is mostly explained by more prudent fiscal and monetary policies and by the higher integration of financial and goods markets around the World. The evidence shows that this process of disinflation was more intense in emerging-market economies. Moreover, countries with a higher degree of dollarization seem to have reached lower inflation rates at a higher pace. Figure 1 shows the above statement for 4 countries. In this figure we gather information of nominal exchange rates and inflation for Peru, Romania, Chile and South Africa. The first two countries are countries with a high level of dollarization, and the other two are countries with a low level of dollarization. For those countries with a high level of dollarization we observe that the desinflationary processes are very acute, while those countries with a low level of dollarization suffered less dramatic desinflationary processes. A first look at the figure could give the impression that there exists a strong relationship between nominal exchange rate depreciation and inflation in dollarized economies, i.e. Peru and Romania. However, a closer look at these figures shows that both dollarized economies start up with high inflation. In that sense, it could be misleading to derive conclusions about the pass-through without taking into account the initial conditions and the business cycle behavior of the economies.
[ FIGURE 1 HERE] The data also show that recessions were accompanied by episodes of real exchange rate depreciation. As we can see in Figure 2 , episodes of real exchange rate volatility coincide in time with economic recessions. This is not the case for non-dollarized economies where exchange rate volatility has no influence in recessions. The relationship between recessions and real exchange rate depreciations is based on the dominance of the balance-sheet effect over the competition effect. That is, the positive impact of real exchange rate depreciation on external demand is more than compensated by the collapse of private investment due to firms' net worth deterioration when liabilities are mostly denominated in foreign currencies. This stylized fact should be reflected in the behavior of the inflation rate.
[ FIGURE 2 HERE] In what follows we develop a model that takes into account these considerations and present an econometric estimation of the pass-through for several countries with different degrees of dollarization.
The Model
In economies with a high degree of financial dollarization, a rise in the real exchange rate can generate, other than the competition effects that affect the real side of the economies, effects that can destabilize the balance-sheet of the firms. This is due to the fact that the net worth of those agents with debts denominated in foreign currency is instantly deteriorated. The deterioration in the balance-sheet is transferred to the firms' investment decisions which in turn implies that a real depreciation can end up negatively affecting the internal demand and having recessionary effects.
The final impact of a real depreciation on the internal demand will depend on the relative strength of the balance-sheet effect vs. the competition effect. This impact may also depend on the size of the real depreciation. For small depreciations in the real exchange rate, the risk for the indebted firm rises lightly, increasing the financial cost and negatively affecting investment. However, when the increase of the real exchange rate is significant, the net worth deterioration can be so acute that firms not only confront high interest rates but also, in some cases, do not have access to credit which force them to liquidate capital or go bankrupt. This situation can worsen if a severe deterioration in the net worth of banks takes place, since this makes the credit restriction problem even more acute.
This asymmetry in the investment response when confronting a variation in the real exchange rate must also be reflected in an asymmetric passthrough from exchange rates to internal prices. According to this, when the variations of the nominal exchange rate are small, we should observe a positive pass-through. However, when the nominal depreciation pushes the real exchange rate over some threshold value, the drastic drop in the aggregate demand will avoid the rise in domestic prices. As a result, the pass-through could be negative.
To formalize this idea, we extend the model in Cespedes et al. (2002) to analyze the pass-through in dollarized economies taking into account the competition and the balance-sheet effects of real exchange rate depreciations and a nonlinearity in the investment function as in Carranza, Cayo and Galdon-Sanchez (2003).
The Framework
In this subsection we present our model formally. Following Cespedes et al. (2002) , our analysis is based on a set of reduced form relationships which can be derived from a fully specified dynamic macroeconomic model. For simplicity, we do not develop the complete optimization problem and present only the (linearized) relationships that are relevant to our argument. The first equation is the definition of a domestic consumer price index (CPI) which depends on tradeable and nontradable goods:
where p t is the logarithm of the price level at t, p nt t is the logarithm of the price level of nontradable goods at t, e t is the the logarithm of the nominal exchange rate and 0 ≤ δ ≤ 1 is the proportion of nontradable goods in the consumption bundle. We normalize international prices to one.
The prices of nontradable goods respond to demand pressures and to an inertial term,
where y t is the logarithm of the output gap, β is a parameter that measures the impact of excess aggregate demand on nontradable prices, and σ is a parameter that incorporates inertial factors of the economy. For simplicity we consider the natural level of income as zero. Please note that the lagged level of prices affects the prices of nontradable goods due to some inertia mechanism (e.g. through salary pressures). The aggregate demand is given by the following equation:
where i t is the logarithm of the investment level and Z t contains other variables affecting the income level, for example government expenditure. The parameters α, γ and θ measure the impact of investment, those other variables and the external demand over aggregate demand, respectively. Notice that θ represents the competition impact of the real exchange rate (a larger real exchange rate -a real depreciation-implies a larger foreign net demand). We now assume that investment responds negatively to increases in the real exchange rate due to the high dollarization of the firms' debts (negative balance-sheet effect). This negative relationship has been stressed in the literature within the Bernanke-Gertler-Krugman framework (see Bernake and Gertler, 1989; Krugman, 1999; Cespedes et al., 2001) . It has also been tested at the empirical level (see, for example, Harvey and Roper, 1999; Aguiar, 2002; Forbes, 2002; Carranza et al., 2003) . The rationale for this relationship is that a higher real exchange rate reduces firms' net worth if there is a mismatch between the currency composition of liabilities and the firms' flow of income. This reduction in net worth increases the cost of capital for the firm and generates a negative impact on the firm's level of investment.
Furthermore, when firms are financially vulnerable it may be the case than the net worth deterioration of firms, if a large real depreciation occurs, is so severe that they will be squeezed out of the market. In this extreme case, nonlinearities appear in the investment function since firms react more strongly when the depreciation is beyond some threshold value. A simple partial equilibrium model that explains the appearance of this relationship between investment and exchange rate is outlined in the Appendix.
A version of the investment function that includes this nonlinearity could be the following:
Where ϕ is a critical level of real exchange rate. A simple explanation of the mechanism that generates this nonlinearity is the following. A real depreciation augments the financial cost of firms, and this increase in financial cost contracts investment. This is the traditional balance-sheet effect that appears in the first part of equation (4) . If the real exchange rate depreciation is very high, the patrimonial deterioration of the firm may be so big that investment collapses and the firm's liquidation follows. The extent of this balance-sheet effect, measured by both λ and ρ, will depend on the extent of the mismatch between the currency composition of liabilities and the firm's expected flow of income. Therefore, at the aggregate level, this effect will be more intense the higher the degree of dollarization of the economy and in those periods in which overall economic activity is low (i.e. in recessions).
In the monetary side, the money demand equation has a traditional form,
where m t is the logarithm of the quantity of money and r t is the domestic interest rate. Domestic interest rates are determined by the uncovered parity of interest rates:
where r * t is the international interest rate and e is the logarithm of the expected interest rate which we consider constant.
Solving the model, we obtain a function (BB) which represents the equilibrium in the goods market,
if (e t − π t ) > ϕ (7) while the equilibrium in the assets market is represented by the following function (AA):
It can be seen that the slope of the BB curve could break depending on the size of the nominal depreciation (see Figure 3) . In fact,
when e ≤ẽ (9)
when e >ẽ (10) Given that p t is a function of e, ceteris paribus we can define a levelẽ in order to have a critical level of e as a function of the nominal exchange rate.
[ FIGURE 3 HERE] Moreover, for specific values of the parameters and with ρ large enough, the slope of BB could even be negative. In this case the slope in absolute value decreases significantly after e >ẽ. As it is shown in Figure 3 , we may have two regimes: the slope of the curve BB is positive in the first regime while negative in the second one.
In order to have this change in the sign of the slope, the following condition should hold:
That is, the balance-sheet effect over the aggregate demand should compensate the competition effect and, additionally, the direct effect of the tradeable inflation.
On the other hand, the slope of the curve AA would be:
In this case, when ρ is very large (strong balance-sheet effect) other than equation (11), the following two conditions are needed:
that is, the slope of AA maintains its negative sign because both the numerator and the denominator will change signs simultaneously. It is clear that we also have two regimes determined by the level of the real exchange rate (see Figure 4 ).
[FIGURE 4 HERE]
All three inequalities (11), (14) and (15) depend on the magnitude of both λ and ρ. As mentioned above, these two coefficients depend positively on the level of dollarization of the economy. Therefore, it is in this type of economies where the conditions for these asymmetries are more likely to hold. We comment in the next subsection what the consequences with respect to the pass-through coefficients are.
Pass-Through
In the model we have just presented, there could exist multiple equilibria as curves AA and BB can intersect more than once, i.e. they could intersect in both regimes (see Figure 5 ). This feature of the model is consistent with the theoretical results of Krugman (1999) and Aghion et al. (2001) . The existence of one or more equilibria will depend on the parameter values and the exogenous variables.
[ FIGURE 5 HERE] In the case in which the balance-sheet effect is weak (regime 1), changes in some policy variables such as the quantity of money m t , or in exogenous variables such as the international interest rate r * t , will lead to a positive correlation between the prices and the nominal exchange rate: The passthrough will be positive. The extent of the pass-through will depend on the strength of the competitiveness effect plus the degree of openness of the economy (given by the fraction of tradeable goods in the consumption bundle, 1 − δ). This effect is shown in Figure 6 .
[ FIGURE 6 HERE] In the case in which the balance-sheet effect is strong (regime 2), changes in the policy or exogenous variables will have an asymmetric impact on prices and nominal exchange rates. The increase in nominal exchange rates will trigger a large drop in investment forcing prices to decrease. Therefore the pass-through will be negative, as is shown in Figure 7 .
[ Table 4 , for a classification of countries in terms of the degree of dollarization of their economies).
In order to test for the asymmetric and for the large depreciation effects developed in Section 3, we have collected data on prices, exchange rates and output for fifteen countries of the list in Reinhart et al. (2003) . Data availability has limited the sample to these fifteen countries, since a reliable measure of output that would account for business cycle variables at least at the quarterly frequency could not be found for several countries in the list. Table 1 details the list of countries, the sources of the data -mostly the IFS of the IMF-and the specific variables that have been used. Throughout the analysis we use January 1991 as the first period -although the beginning of the samples for the different countries varies slightly-and the last datapoint available (April to June 2003, depending on the country) for the last observation.
[TABLE 1 HERE] As a measure of inflation rates we have used a 12-month CPI inflation rate -notice that our model explicitly solves for the evolution of a domestic composite price index. Exchange rate depreciation rates have been calculated monthly using the nominal exchange rate vis a vis the dollar. The only variable that requires some explanation is the proxy we use for the output gap: This variable can be interpreted directly as an indicator of whether the economy is in a recession state.
In order to account for periods of reduced economic activity -where the asymmetric pass-through is more likely to appear -we mentioned before that both λ and ρ are likely to be higher during recessions-, we have opted for using an indicator of recessionary periods, which will be used along with other explanatory variables. 2 This indicator is constructed by using a simplified version of the Bry-Boschan algorithm for location of expansions/recessions. 3 We take a seasonally adjusted monthly measure of industrial production or a quarterly measure of GDP volume when the IP index was not available and smooth it by computing a 12-month/3-quarter moving average. The peaks and troughs (local maxima and minima) of this smoothed index of production are taken as the turning points of the economic cycle, so that recessionary periods are those between a peak of the cycle (not included) and the trough (included). Table 2 contains the peaks and troughs identified for the fifteen countries analyzed in our study. In Section 2 we already mentioned that in the countries in our sample, especially those with high levels of dollarization, recessions have come associated with, or caused by, intense real depreciations. In that sense, the data we use are quite appropriate for testing the existence of the balance-sheet effects proposed in our theoretical model.
[ 
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In the following two subsections we explain how we have used this recession indicator in order to find evidence for the asymmetric pass-through.
Some preliminary evidence: The asymmetry of the pass-through during recessions
In order to take a first look at the evidence for the existence of an asymmetric pass-through effect, we estimate a set of equations. In those, the dependent variable is the inflation rate -or its first difference-and the independent variables are the lagged inflation rate to account for inflation inertia, a time trend, the nominal rate of depreciation of the exchange rate and an interaction term between the depreciation rate and the recession indicator. Our main interest is not the coefficient of the nominal rate of depreciation -which directly measures the traditional pass-through effect-but rather the coefficient of the interaction term. This parameter is measuring the extent to which an asymmetric effect may be present during recessions -i.e. during periods where hard times make the balance-sheet effect more noticeable. This interaction may be proxying for the output gap effect of the nominal depreciation or for the dependence of λ on the state of the economy. In both cases, it is reasonable to take it as evidence of a negative balance-sheet effect.
The equations estimated are, therefore,
if unit-root tests allow to reject the presence of a unit root and
otherwise. In these equations, π t is the 12-month CPI-inflation rate, · e t−1 = log e t − log e t−1 is the nominal rate of depreciation and Rc t is the recession indicator.
4 Table 3 shows the results for the different countries of the equations above. 5 The table includes the measure of the level of dollarization in Reinhart et al. (2003) . The countries have been sorted by this measure. Before commenting on the results, a word of caution about one of the countries is necessary. The results for some countries when using the full sample were quite unusual. For example, data for Brazil during the first half of the 1990's correspond to hyperinflationary years -with inflation rates above 5000%. This fact significantly distorts the results, given that the intense disinflation in early 1995 corresponds to our dating of the beginning of a recession. The fact that the disinflation in Brazil started too late in our sample period probably adds too much noise to our estimations, and we have opted to include in the analysis only data after 1996. Thus, the regressions for Brazil start with data from 1:1996, yielding a total of 90 monthly observations. Similarly, data for Peru start in 1:1992, in order to avoid this same distortion of the results.
[ TABLE 3 HERE] Instead of commenting on the countries one by one, we focus only on the specific parameters of interest (δ 2 and δ 3 ), where some important regularities are immediately apparent. The traditional pass-through coefficient varies significantly across the different countries, but it is clear that it is larger in magnitude for the highly dollarized countries than for those with moderate to low levels of dollarization. In this respect, our results are fully consistent with the traditional view and with the analysis in Reinhart et al. (2003) . However, a look at the coefficients of the interaction term reveals another regularity: The coefficients are generally negative for both highly dollarized and moderately dollarized economies -coefficients that are statistically significant and negative have been shaded in the Tables-and the magnitude of this negative sign is much larger for the first group than for the second group. In other words, during economic downturns, the pass-through becomes smaller for all dollarized countries -maybe even negative-and this asymmetric negative effect is much larger for economies with a high degree of dollarization (notice the magnitudes for Bolivia, Peru or Romania). The results are not always consistent -Ecuador probably is the most disappointing result: see the next subsection for a qualification-but the general tendency is, we believe, easy to identify.
The results in Table 3 show that the pass-through coefficients are in general higher for highly dollarized countries -this result is consistent with the previous literature-but also that the pass-through becomes negative during recessions. The latter effect is more significant for highly dollarized countries. These two findings -higher pass-through coefficients for highly dollarized countries and negative pass-through during recessions-are perfectly in line with the basic arguments outlined in the formal model. The next step is the examination of the impact on the pass-through intensity of large nominal depreciations. The model has shown how large depreciations could lead to a collapse of investment and, therefore, to much more drastic effects in output and inflation. However, in order to analyze the possible influence of large depreciations, we need to apply a slightly different methodology. We do that in the next subsection.
Testing asymmetric pass-through of large depreciations
Our model in Section 3 postulated that the balance-sheet effect in a highly dollarized economy may be so strong that a large depreciation could lead to a drastic reduction in output. This effect, that we explained in the Appendix, comes through the collapse of investment due to the massive decrease of firms' net worth. Given this nonlinearity in investment behavior, the inflationary consequences of a nominal depreciation will vary depending on the size of this depreciation: a small depreciation -or an appreciation-will have the usual positive effect on inflation, even accounting for some balance-sheet effect. However, a large depreciation could generate an above-normal contractionary balance-sheet effect that could have an offsetting impact on the pass-through and lead to a reduction in the inflation rate. Thus, our formal analysis suggests that the balance-sheet effect may generate a threshold structure in the pass-through coefficient. This implies that the relationship between inflation and exchange rate changes is different depending on whether the size of the nominal depreciation is above some threshold level. A large depreciation may accentuate the negative balance-sheet effect of which we already found evidence in the previous empirical analysis. This additional negative effect (measured by ρ in our model) might lead to a reduction in inflation, that would be reflected in a negative pass-through coefficient.
This structure can be analyzed using nonlinear time series methodologies, more specifically, threshold models (see, for example, Hansen, 2002; Tsay, 2002) .
A simple threshold model may be defined as follows:
where y t is the dependent variable of interest. It is assumed that the behavior of this variable depends linearly on some set of explanatory variables Z t , but that the coefficients of this relationship change depending on the value of some threshold variable x t−k -which may or may not be in Z t -. More specifically, given that the error terms u 1t and u 2t are assumed to have zero expected value -conditional on Z t ∪x t−k -the model implies that when x t−k ≤ , then
so that the conditional expectation function (CEF) of
Alternatively, when x t > , then
so that the CEF is
This model has been successfully applied, for example, to the analysis of business cycles, for which an asymmetry between recessions and recoveries is usually postulated. Despite its apparent simplicity, the model is significantly more flexible than pure linear models, since it allows for various regimes in the data. One of the major issues in threshold modeling is the finding of the threshold variable x t and the delay parameter k. Numerous procedures have been developed, that search through the data with the aid of graphs and descriptive statistics (Tsay, 1989). The optimal procedure, however, is to have the threshold variable and the delay parameter determined by the theory. In our case, our formal model determines the threshold variable, which is the depreciation of the nominal exchange rate. We take the delay parameter to be one, although it could be argued that depending on the time that it takes for the balance-sheet effect to affect output, the delay could be larger than one.
Estimation of the threshold model by least squares (see Chan and Tsay, 1998; Hansen, 2002; Tsay, 2002 , for procedures to estimate threshold models) yields not only an estimate of the parameters of the CEF functions, but also of the value of the threshold, which in our case is directly interpretable and has an interest on its own. 6 6 The procedure for estimating threshold models computes the objective function -in Thus, our formal model suggests that we should estimate a model of the form
... + δ 4
where is the value of the nominal depreciation beyond which the balancesheet effect modifies the pass-through coefficient. This specification implies that when the nominal depreciation is smaller than or equal to , the behavior for the inflation rate is
and when the nominal depreciation is larger than the behavior is
Notice the interplay of the coefficients: The pass-through effect is δ 2 for small depreciations during economic expansions, δ 2 + δ 4 for large depreciations during economic expansions, δ 2 + δ 3 for small depreciations during economic recessions and δ 2 + δ 3 + δ 4 + δ 5 for large depreciations during economic recessions.
Given the implications of the formal model, we expect to find negative values of δ 3 and δ 5 , which measure the lower pass-through during recessions and the asymmetry for large depreciations during recessions, respectively. A negative and significant value of δ 4 , that quantifies the effect of large depreciations during expansions, would also be in line with a negative balance-sheet effect. However, it is reasonable to expect -and the evidence shown before points in that direction-that the balance-sheet effect will be especially noticeable during downturns (δ 5 ) and not when the economy is in good stance (δ 4 ). Table 4 presents the results for the fifteen countries in our sample, again sorted by the degree of dollarization. Negative estimates of the δ 3 , δ 4 and δ 5 this case, least squares-conditional on the threshold being a specific value. The LS function is computed for a complete grid of values of the threshold variable, and the value that minimizes this conditional sum of squares is taken to be the estimate of the threshold. We constrain the threshold to be positive in order to focus on nominal depreciations. Newey-West standard errors are calculated. coefficients, which measure the different asymmetric effects, have again been shaded. These results, however, are not easily interpretable directly from the table. In fact, some of the coefficients yield apparently unreasonable values, this being a consequence of the lack of observations in some of the four regimes (for instance, there may be very few large depreciations during expansions, so δ 4 may be difficult to estimate). When this is the case, see for example the results for Turkey, the other coefficients adjust in order to estimate correctly the pass-through for the other regimes. 7 A much more clear way for interpreting the results is by constructing the four coefficients mentioned above, which are sums of the estimated coefficients of pass-through in the four different regimes. These coefficients are shown in Table 5 .
[TABLES 4-5 HERE]
The results in Table 5 give support to the implications of our model, although they are not consistent for all countries. As our previous results showed, the regular pass-through coefficients tend to be positive and larger for countries with higher levels of dollarization. However, when we look at the other coefficients in the Table, quite a number of instances of negative pass-through coefficients arise. These negative coefficients are related both to the size of the depreciation and to the fact that the economy may be in a recessionary state. These asymmetric effects during recessions and for large depreciations are again more intense for more dollarized countries such as Ecuador -that now does present a balance-sheet effect during recessions-, Bolivia, Peru and Turkey. Less dollarized countries still present evidence of asymmetries, but these are less clear and the coefficients tend to vary more and to be slightly more unstable.
We do not want to enter into a case by case discussion of the different countries, since our main interest was to give a first look at the existence of a mechanism that has so far been neglected in the literature. Balance-sheet considerations in dollarized countries lead to effects of exchange rate changes that go against the traditional implications of Mundell-Fleming based models. Evidence for output has been more thoroughly analyzed (Krugman, 1999; Cespedes et al., 2002) but an analysis of the inflationary implications was still lacking and we believe that we have given an important first step in that direction.
Conclusion
In this paper we have taken a closer look at the traditional analysis of exchange rate pass-trough. Little work has been done so far on the differences induced by the degree of dollarization in pass-through behavior. The accepted view (see Reinhart et al., 2003) is that pass-through is significantly higher in dollarized economies. We give a further step and qualify these results by building a simple theoretical model, that incorporates some of the specific features of dollarized economies, and testing the model empirically.
The conclusions from the model point at a possible asymmetry in the passthrough depending on the economic cycle. Furthermore, when exchange rate depreciations are large, the asymmetric effect may be accentuated, leading to a threshold-type behavior. The results of the empirical analysis are in line with the accepted view -we do indeed find larger pass-through coefficients in dollarized countries-but also the results support the predictions of the model, since we find that pass-through during recessions tends to be negative -more negative the higher the degree of dollarization of the economy-and large depreciations tend to exacerbate this asymmetric effect and make passthrough coefficients much larger.
Our analysis has focused on the behavior of inflation rates. However, taking these implications further, our results also show that the traditional trade-off between inflation and employment is contingent on the regime of the economy. The model and empirical evidence suggest that the extent of this trade-off changes with the degree of dollarization of the economy -through a balance-sheet effect-and is likely to differ depending on the size of the movements in the exchange rate. This has important implications for policymakers: Monetary authorities, for example, should take this feature into account when designing and implementing exchange-rate based stabilization policies.
[14] Edwards, S., 1986. Are devaluations contractionary? Review of Economics and Statistics 68, 501-508.
[15] Edwards, S., J. Gómez Biscarri and F. Appendix: Understanding the relationship between investment and exchange rate depreciation In order to understand the relationship between real exchange rate movements and firm performance, we develop a very simple partial equilibrium model of firm's profit maximization. We use this model to understand how a variation of the real exchange rate affects firm's investment decisions.
In our model there are two periods: period 0 and period 1. Firms enter into the initial period with some composition and level of debt. That is, we take as given the level of total indebtedness of the firm as well as the currency and the maturity composition of such debt. For simplicity, we assume that the real exchange rate at which the debt was contracted was equal to one and no variation was anticipated. During the initial period, after an unexpected real exchange rate depreciation has occurred (that is, e 0 > 1), firms make their investment decisions taking into account their budget and borrowing constraints, and taking the composition of debt (currency and maturity) as given. That is, firms will choose next period capital, K 1 ; and both the short term borrowing in domestic and foreign currency contracted at the initial period and payable at the last period, S and S * , to maximize profits, i.e.:
Max {g (e 1 )F (
Where e 1 is the expected real exchange rate in the second period; r * and r are the interest rates on long term debt denominated in foreign and domestic currency respectively; r * s and r s are the interest rates on short term debt denominated in foreign and domestic currency respectively; L * and L are the long term borrowing in foreign and domestic currency contracted before the devaluation took place and payable at the last period respectively; and V * and V are the net cash position in foreign and domestic currency at the initial period respectively, which can be positive (net liabilities due in the first period) or negative (positive net current assets).
In our model, firms can borrow a fraction 0 ≤ θ ≤ 1 of their necessities. Moreover,
is the implicit unit operational margin of the firm, where φ is the fraction of net exported production. Accordingly, F (K 1 ) should be interpreted as valued added output (net of input including imports). Therefore the parameter φ is the net-export coefficient in the price function. Notice that the equations are in terms of the domestic good. Also, we assume that the real exchange rate exhibits some persistence, therefore e 1 = µ (e 0 ), and ∂µ(e 0 ) ∂e 0 >0. Let us now explain the constraints in the maximization problem. Equation (A.2) is the budget constraint. It tells us that new capital expenditures and loan amortizations should be financed by short-term borrowing. We assume that it holds with equality and that the capital goods are all imported. Equation (A.3) is the borrowing constraint. It tells us that the maximum short-term borrowing is a fraction θ of the firm's net worth in the initial period, after the depreciation has taken place. The idea behind this parameter is to make explicit that credit imperfections are due to an enforcement problem, as lenders can not force their borrowers to repay their debt, but they can size a fraction θ of the borrower's final net worth. The way to model this credit market imperfection follows Kiyotaki and Moore (1997) and Aghion et al. (2001) .
If the borrowing constraint is binding, the investment decision will be suboptimal because the capital demand function will depend on the firm's net worth. If the borrowing constraint is not binding, the capital demand function will be unrestricted. In other words, variations in the real exchange rate will have different impacts on the firm's investment decisions, not only depending on the degree of tradeable/nontradable production or the degree of currency composition but also on the net worth position of the firm. Also, notice that the currency and maturity composition of the outstanding net liabilities (L, L * , V and V * ) at the time of depreciation are crucial. This is so because large depreciations can deteriorate the financial position of firms that are heavily indebted in foreign currency and, at the time, trigger a liquidity crisis.
Investment decisions for small (undercapitalized) firms
Given that the small (undercapitalized) firms are credit constrained, the choice of K 1 depends on the credit availability rather than on the optimality conditions. For simplicity we assume that all short-term debt is denominated in foreign currency. Therefore equations (A.2)-(A.3) can be written as:
In that case, as we can see in Figure A .1, K 1 is determined by replacing restriction (A.5) into (A.6). If we do the replacement we get the following expression:
Notice that equation (A.7) is expressed in terms of the foreign good. Taking implicit derivatives with respect to K 1 and e 0 , we obtain equation (A.8):
The sign of the right-hand side of this last equation is not clear. Since we are looking for a solution in which equation (A.6) is binding, it is needed that e 1 r * s > θg (e 1 )F 0 (K 1 ). This means that θ is low enough or that the credit market imperfections are too severe for small firms. Therefore our concern is the sign of the expression inside the parenthesis. This sign is affected by three types of effects:
1. A competitiveness effect. A higher exchange rate will imply a higher implicit unit price if the firm is in the export sector. This effect is given by the expression:
2. A traditional financial cost effect. It has its origin in the higher financial payments (interest rate plus amortization) that firms must satisfy due to the exchange rate depreciation. This effect could be positive if the firms buy foreign capital with capital borrowed in domestic currency, that is:
3. The balance-sheet effect. Given that the firm's debt is denominated in foreign currency, a higher exchange rate reduces its borrowing capacity. This effect is given by:
If the competitive effect is stronger than the financial cost and balancesheet effects, a real exchange rate depreciation will have a positive impact on investment. In Figure A .2 this is represented as an outward movement of the G-curve. On the contrary, in case of a highly indebted firm, a strong negative balance-sheet effect could generate a financial collapse as the G-curve would never intersect the I-curve. This could happen when the real exchange rate depreciation is large enough. As a result, the investment collapses and the firm's liquidation follows (see Figure A. 3).
[FIGURE A. 2 and A.3] Investment decisions for large (well-capitalized) firms
In the case of large well-capitalized firms, the balance-sheet effect tends to be diluted, as the access to borrowing is not constrained. In this case, firms will maximize equation (A.1) subject to the budget constraint only (equation A.2). Assuming that the composition of short-term debt is not a choice and that β represents the fraction of dollar debt to total debt, that is β = e 0 S * (e 0 S * + S) the optimality condition for such problem becomes:
This is the standard optimality condition: marginal product equals to average interest rate, taking exchange rate and outstanding debt as given. Now, taking implicit derivatives with respect to K 1 and e 0 , and assuming that g(e 1 ) = φe 1 + (1 − φ), we obtain the following expression:
The impact of exchange rate variations on the value of outstanding debt will be important only in terms of changes in the net worth but, since we are dealing with large firms, investment decisions will exclusively depend on next-period expected marginal returns, which are not related to the firm's net worth. As the denominator will always be negative, the sign of equation (A.13) depends on the sign of the numerator which, in turn, depends on the relative values of β and φ.
This relationship is represented in Figure A. 4. In the shadowed area, the competitiveness effect is stronger than the financial effect. Remember that there is no balance-sheet effect. Moreover, when β = φ = 1, the impact of an exchange rate depreciation on investment is null because the optimality condition remains unchanged, while when β = φ = 0, the numerator of (A.13) is positive and equal to r s .
[FIGURE A. 4 When two columns are present, Unit-root tests were inconclusive in rejecting a unit root in inflation. Therefore, we estimated two models, one in first differences of inflation and one in levels but including a time trend (see Section 4.1). T-stats in parentheses (using Newey-West standard errors). Sample period starts in 1991:1 and ends in 2003. When two columns are present, Unit-root tests were inconclusive in rejecting a unit root in inflation. Therefore, we estimated two models, one in first differences of inflation and one in levels but including a time trend (see Section 4.1). T-stats in parentheses (using Newey-West standard errors When two columns are present, Unit-root tests were inconclusive in rejecting a unit root in inflation. Therefore, we estimated two models, one in first differences of inflation and one in levels but including a time trend (see Section 4.1). T-stats in parentheses (using Newey-West standard errors When two columns are present, Unit-root tests were inconclusive in rejecting a unit root in inflation. Therefore, we estimated two models, one in first differences of inflation and one in levels but including a time trend (see Section 4.1). T-stats in parentheses (using Newey-West standard errors). Sample period starts in 1991:1 and ends in 2003. The degree of dollarization corresponds to the measure by Reinhart, Rogoff and Savastano (2003). Recessionary periods correspond to the shaded areas Real depreciation is calculated as the 12 month change in the exchange rate divided by the CPI index 
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